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CONVERSION FACTORS AND RELATED INFORMATION

Multiply By To obtain
acre 4,047 square meter
acre-foot (acre-ft) 1,233 cubic meter
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
centimeter (cm) 0.3937 inch
cubic foot per second (ft3/s) 0.028317 cubic meter per second
foot (ft) 0.3048 meter
gallon per minute (gal/min) 0.06309 liter per second
gram (g) 0.03527 ounce
inch (in.) 25.40 millimeter (mm)
kilogram (kg) 2.205 pound
liter (1) 0.26427 gallon
micrometer ({lm) 0.00003937 inch
mile (mi) 1.609 kilometer
millimeter (mm) 0.03937 inch
ounce (0z) 28.35 gram
square mile (mi?) 2.589 square kilometer
ton per day (ton/d) 0.9072 metric ton per day
ton per year (ton/yr) 0.9072 metric ton per year

vi

Degree Celsius (°C) may be converted to degree Fahrenheit (°F) by using the following equation:
°F=9/5 (°C) + 32.

Degree Fahrenheit (°F) may be converted to degree Celsius (°C) by using the following equation:
°C =5/9 (°F-32).

The following terms and abbreviations also are used in this report:
microgram per gram (ug/g).

microgram per kilogram (ug/kg).

microgram per kilogram per day (ug/kg/d).

microgram per liter (ug/L).

milligram per kilogram (mg/kg).

milligram per liter (mg/L).

microsiemens per centimeter at 25 degrees Celsius (uS/cm).
24-D 2,4-dichlorophenoxy-acetic acid

2,4-DP 2-(2,4-dichlorophenoxy) propionic acid
2,4,5-T 2,4,5-trichlorophenoxy-acetic acid

BHC benzene hexachloride
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DDD 1,1-dichloro -2,2-bis (p-chlorophenyl) ethane
DDE dichloro diphenyl! dichloroethylene
DDT dichloro diphenyl trichloroethane

HCB hexachlorobenzene
PCN polychlorinated naphthalenes
PCB polychlorinated biphenyls

For those who wish to convert dry-weight concentrations to wet-weight concentrations for biological samples,
the equation is:

wet weight = dry weight [1-(percent moisture)/100].
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GLOSSARY OF SCIENTIFIC NAMES FOR BIOLOGICAL ORGANISMS

[sp., species; --, too numerous to list]

Common name Order/tamily Genus/species
AQUATIC PLANTS
Coontail Ceratophyllaceae Ceratophyllum sp.
Sago pondweed Potamogetonaceae Potamogeton sp.
Horned pondweed Naidaceae Zannichellia sp.
Watercress Brassicaceae Nasturtium sp.
AQUATIC INVERTEBRATES
Crayfish Decapoda/Astacidae --
Aquatic insects Diptera -
Coleoptera --
Hemoptera -
Plecoptera --
Ephemerotera --
Odonata -
Trichoptera --
FISH
Rainbow trout Salmonidae Oncorhynchus mykis
Kokanee salmon Salmonidae Oncorhynchus nerka
Northern pike Esocidae Esox lucius
Walleye Percidae Stizostedion vitreum
Yellow perch Percidae Perca flavescens
Largemouth bass Centrarchidae Micropterus salmoides
Smallmouth bass Centrarchidae Micropterus dolomieui
Black crappie Centrarchidae Pomoxis nigromaculatus
Green sunfish Centrarchidae Lepomis cyanellus
Bluegill Centrarchidae Lepomis macrochirus
Roundtail chub Cyprinidae Gila robusta
Common carp Cyprinidae Cyprinus carpio
Fathead minnow Cyprinidae Pimephales promelas
Speckled dace Cyprinidae Rhinichthys osculus
Red shiner Cyprinidae Cyprinella lutrensis
Flannelmouth sucker Catostomidae Catostomus latipinnis
White sucker Catostomidae Catostomus commersoni
Bluehead sucker Catostomidae Catostomus discobolus
Razorback sucker Catostomidae Xyrauchen texanus
Colorado squawfish Cyprinidae Ptychocheilus lucius
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GLOSSARY OF SCIENTIFIC NAMES FOR BIOLOGICAL ORGANISMS

-Continued

Common name Order/family Genus/species
BIRDS
Mallard Anatidae Anas platyrhynchas
American coot Rallidae Fulica americana
Pied-billed grebe Podicipedidae Aechmophorus occidentalis
Sora rail Rallidae Porzana carolina
Red-winged blackbird Emberizidae Agelaius phoenicus
Yellow-headed blackbird  Emberizidae Xanthocephalus xanthocephalus
MAMMALS

Muskrat

Ondatra zibethicus
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Reconnaissance Investigation of Water Quality,
Bottom Sediment, and Biota Associated with
Irrigation Drainage in the Dolores Project Area,
Southwestern Colorado and Southeastern Utah,

1990-91

By David L. Butler, Richard P. Krueger, Barbara Campbell Osmundson, andErrol G. Jensen

Abstract

The Department of the Interior started a pro-
gram in October 1985 to identify the nature and
extent of irrigation-induced water-quality prob-
lems that might exist in the Western United States.
Water, bottom-sediment, and biota samples were
collected and analyzed for a reconnaissance inves-
tigation during 1990-91 to identify potential
water-quality problems associated with irrigation
drainage in the Dolores Project area in southwest-
ern Colorado and southeastern Utah.

Concentrations of dissolved solids and sul-
fate exceeded secondary maximum contaminant
levels for drinking water in many water samples
from irrigated and nonirrigated areas. Mc Elmo
Creek and the Mancos River contribute substantial
dissolved-solids loads to the San Juan River.

Cadmium was detected in 19 water samples
from 16 sites. Criterion to protect aquatic life from
chronic exposure to cadmium was exceeded in two
samples, however, these samples were collected
from Summit Reservoir and Puett Reservorr,
which are located outside the irrigated area served
by the Dolores Project. Mercury was detected in
11 water samples at concentrations ranging from
0.1 to 1.2 micrograms per liter, and 6 of those sam-
ples were collected at sites outside of the irrigated
area served by the Dolores Project.

Selenium concentrations exceeded the
chronic aquatic-life criterion for selenium of
5 micrograms per liter in most water samples from
Mc Elmo Creek, Navajo Wash, from newly irri-
gated areas, and from the Mancos River. Irrigation
drainage may be the primary source of selenium to
Mc Elmo Creek. The maximum selenium concen-

tration in water was 88 micrograms per liter in
Navajo Wash, which drains irrigated land on
Mancos Shale in the southern end of the Monte-
zuma Valley. Only 1 of 15 water samples collected
from streams that drain the Montezuma Valley
north of Mc Elmo Creek had a selenium concen-
tration greater than 1 microgram per liter. Samples
of irrigation drainwater from newly (since 1987)
irrigated land in the Yellow Jacket and Cahone
areas had selenium concentrations ranging from 3
to 12 micrograms per liter. Selenium concentra-
tions in the San Juan River were 2 micrograms per
liter, and selenium was not detected in water sam-
ples collected in nonirrigated areas. Concentra-
tions of pesticides in water were less than levels
harmful to aquatic life.

Except for selenium concentrations in
bottom-sediment samples from four sites, trace-
element concentrations in bottom sediment in the
Dolores Project area were not elevated when com-
pared to soils in the western United States. The
maximum concentration of an organochlorine
pesticide in bottom sediment was 5.5 micrograms
per kilogram of DDD in a sample from Summit
Reservoir.

Generally, selenium concentrations in biota
in the Dolores Project area were greatest in sam-
ples collected from Navajo Wash, in newly irri-
gated areas in the Yellow Jacket and Cahone areas,
and from the Mancos River basin. Selenium con-
centrations in aquatic plants and aquatic inverte-
brates were larger in samples collected in the
newly irrigated areas than in the long-term irri-
gated areas in the Montezuma Valley. Selenium
concentrations in 10 of 11 aquatic-invertebrate
samples from the newly irrigated areas exceeded a
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guideline for food items consumed by fish and
wildlife. The maximum selenium concentration in
an aquatic-invertebrate sample was 19.2 micro-
grams per gram dry weight in a sample from
Woods Canyon, in the newly irrigated area. Sele-
nium concentrations in whole-body suckers (all
species) were larger in samples from the Mancos
River than in sucker samples from the Montezuma
Valley or San Juan River. Selenium concentra-
tions in whole-body suckers were significantly
higher in samples collected from the San Juan
River downstream from the Dolores Project than
in samples collected upstream from the project.
An assessment of the effects of irrigation drainage
from the Dolores Project on endangered fish, such
as the Colorado squawfish (Ptychocheilus lucius)
in the San Juan River, could not be made for the
reconnaissance investigation.

Whole-body samples of fathead minnows
from Woods Canyon, in the newly irrigated area,
and from the Mancos River had selenium concen-
trations associated with adverse effects on fathead
minnows. As in water samples and other biota
samples, the largest selenium concentrations in
speckled-dace samples from the Montezuma
Valley were collected from Navajo Wash.

Selenium concentrations in bird eggs were
within the range of uncertainty regarding biologi-
cal significance. The largest selenium concentra-
tion in a biota sample collected in 1990 was
37.5 micrograms per gram dry weight in a mallard
liver from Woods Canyon, in the newly irrigated
area. Selenium concentrations ranged from 10 to
69 micrograms per gram dry weight in six bird-
tissue samples collected in July 1989 within the
irrigated area of the Mancos Project, upstream
from the Dolores Project.

Mercury concentrations in warm-water
game fish in reservoirs in the Dolores Project area
may be of concern for human consumption of fish.
Weekly dietary limits are most restrictive for con-
sumption of walleye, northern pike, and bass from
McPhee, Narraguinnep, Totten, Summit, and Puett
Reservoirs. Chromium concentrations in biota
samples were indicative of chromium contamina-
tion, although chromium concentrations in water
and bottom-sediment samples were not elevated.
The maximum chromium concentration in a biota
sample was 440 micrograms per gram dry weight
in a crayfish from the Mancos River. Some con-

centrations of aluminum, boron, cadmium, copper,
lead, and zinc in biota exceeded background con-
centrations reported in the literature, but generally
the concentrations were not toxicologically signif-
icant or the toxicological significance was not
known. Previously mined areas in the upper
Dolores River basin could have been a source of
trace metals and may have been transported into
the Dolores Project in the irrigation water supply.

Concentrations of organochlorine pesticides
and PCB’s in fish and birds in the Dolores Project
area were indicative of background concentra-
tions. Polycyclic aromatic hydrocarbons were
analyzed in fish-bile samples from 10 sites, but the
biological significance of the data is not known.

iINTRODUCTION

During the last several years, there has been
increasing concern about the quality of irrigation drain-
age and its potential harmful effects on human health,
fish, and wildlife. Concentrations of selenium greater
than water-quality criteria for the protection of aquatic
life (U.S. Environmental Protection Agency, 1987)
have been detected in subsurface drainage from irri-
gated land in the western part of the San Joaquin Valley
in California. In 1983, incidences of mortality, birth
defects, and reproductive failures in waterfow] were
discovered by the U.S. Fish and Wildlife Service at the
Kesterson National Wildlife Refuge in the western
San Joaquin Valley where irrigation drainage was
impounded. In addition, potentially toxic trace ele-
ments and pesticide residues have been detected in
other areas in Western States that receive irrigation
drainage.

Because of concerns expressed by the U.S.
Congress, the U.S. Department of the Interior (DOI)
started a program in October 1985 to identify the nature
and extent of irrigation-induced water-quality prob-
lems that might exist in the Western United States. The
DOI developed a management strategy and formed an
interbureau group known as the “Task Group on Irriga-
tion Drainage”, which prepared a comprehensive plan
for reviewing irrigation-drainage concerns for which
the DOI may have responsibility.

Initially, the Task Group identified 20 areas in
13 States that warranted reconnaissance-level investi-
gations related to three specific activities: (1) Irrigation
or drainage facilities constructed or managed by the
DO, (2) national wildlife refuges managed by the DOI,
and (3) other migratory-bird or endangered-species
management areas that receive water from DOI-funded
projects.

2 Reconnaissance Investigation of Water Quality, Bottom Sediment, and Biota Associated with Irrigation Dralnage In the
Dolores Project Area, Southwestern Colorado and Southeastern Utah, 1990-91



Nine of the 20 areas were selected for reconnais-
sance investigations during 1986-87:

Lower Colorado-Gila River
Valley area

Arizona-California

Salton Sea area

Tulare Lake Bed area

Sun River Reclamation Project
area

Milk River Reclamation Project
area

Stillwater Wildlife Management
area

Lower Rio Grande-Laguna
Atascosa National Wildlife
Refuge area

California

Montana

Nevada

Texas

Middle Green River basin area

Kendrick Reclamation Project
area

Utah
Wyoming

On the basis of results from these investigations,
four detailed studies were initiated in 1988: Salton Sea
area, Stillwater Wildlife Management area, Middle
Green River Basin area, and the Kendrick Reclamation
Project area. Eleven more reconnaissance investiga-
tions were initiated in 1988:

California Sacramento Refuge Complex
California-Oregon  Klamath Basin Refuge Complex
Colorado Gunnison and Uncompahgre
River Basins and Sweitzer
Lake
Pine River Project area
Colorado- Kansas ~ Middle Arkansas River basin
Idaho American Falls Reservoir
New Mexico Middle Rio Grande Project and
Bosque del Apache National
Wildlife Refuge
Oregon Malheur National Wildlife
Refuge
South Dakota Angostura Reclamation Unit
Belle Fourche Reclamation Unit
Wyoming Riverton Reclamation Project

Evaluation of results for these investigations, and
a continuing evaluation of all data for the Irrigation

Drainage Program, led to initiating three more detailed
studies early in 1990:

California-Oregon ~ Klamath Basin Refuge
Complex

Montana Sun River area

Colorado Gunnison River Basin/Grand

Valley Project

In October 1990, four additional reconnaissance
investigations were begun and another was started in
October 1991. The study areas are:

Oregon- Nevada  Owyhee-Vale Projects

Nevada Humboldt Wildlife Management
area

Colorado Dolores Project area

New Mexico San Juan River area

‘Washington Middle Columbia River Basin

One detailed study was started in October 1993:

New Mexico San Juan River area

In October 1993, another reconnaissance investi-
gation was begun:

New Mexico Vermejo Project area

All reconnaissance investigations are conducted
by interbureau study teams consisting of a scientist
from the U.S. Geological Survey as team leader, with
additional U.S. Geological Survey, U.S. Fish and Wild-
life Service, Bureau of Reclamation, and Bureau of
Indian Affairs scientists representing several different
disciplines. The investigations are directed toward
determining whether irrigation drainage: (1) Has
caused or has the potential to cause significant harmful
effects on human health, fish, and wildlife, or (2) may
adversely affect the suitability of water for other bene-
ficial uses.

The Bureau of Reclamation’s Dolores Project
and areas downstream from the project were selected
for a reconnaissance investigation because of possible
effects on the water quality of the San Juan River by
Mc Elmo Creek, which drains part of the irrigated area,
and because the San Juan River downstream from
Mc Elmo Creek provides habitat for threatened and
endangered fish. The Bureau of Reclamation has iden-
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tified the Mc Elmo Creek basin as a substantial source
of dissolved solids in the Upper Colorado River Basin.
Historical trace-element data indicated that there were
moderate concentrations of selenium and boron in

Mc Elmo Creek. The source of all irrigation water for
the project is McPhee Reservoir, located on the Dolores
River, and there was potential for transport of heavy
metals from the Dolores River into the Dolores Project.
Of particular concern was mercury accumulation in
reservoirs. Mercury concentrations in some fish sam-
ples from McPhee Reservoir and from a reservoir
located north of Cortez exceeded guidelines for human
consumption. The Dolores Project also was chosen
because the project would provide an opportunity to
collect data in areas that were being irrigated for the
first time.

Purpose and Scope

This report describes results of the reconnais-
sance investigation of the Dolores Project area. Spe-
cific objectives of the reconnaissance investigation
were to:

1. Describe concentrations of selected inorganic and
organic constituents in water, bottom sedi-
ment, and biota in long-term irrigated areas, in
newly (since 1987) irrigated areas, and in the
Mancos and San Juan Rivers.

2. Compare constituent concentrations to various
guidelines and baseline information from the
literature to determine if irrigation drainage
from the Dolores Project is causing or has the
potential to cause harmful effects to human
health, fish, and wildlife.

Water, bottom-sediment, and biota samples were
collected in 1990 in the Dolores Project area for the
reconnaissance investigation. Samples collected in the
Mc Elmo Creek basin and from Navajo Wash were
used to assess water quality in the long-term irrigated
area in the Montezuma Valley. Samples also were col-
lected in selected areas north of the Montezuma Valley
that were recently (since 1987) irrigated, from the
Mancos and San Juan Rivers, and at reference sites
located upstream from irrigated areas of the Dolores
Project.

Additional data are included in the report that
were not collected for the reconnaissance investigation
in 1990. Results of biota sampling by the U.S. Fish and
Wildlife Service in the Mancos River basin in 1989 are
described in the report. Mercury data for game fish col-
lected from reservoirs in the Dolores Project area dur-
ing 1988-91 by State and Federal agencies were used

to assess mercury concentrations and human consump-
tion limits in game fish. Five fish samples collected in
August 1991 for analysis of polycyclic aromatic hydro-
carbons are included in the report. Selected ground-
water level data collected by the Bureau of Reclama-
tion in 1990-91 in the newly irrigated areas also are
described in the report.
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DESCRIPTION OF DOLORES PROJECT
AREA

Location

Irrigated areas of the Dolores Project are located
in the southwestern corner of Colorado in Montezuma
and Dolores Counties (fig. 1). The Dolores Project area
includes the Mancos River in Colorado and extends
into southeastern Utah along the San Juan River to
Lake Powell (fig. 2). The Dolores Project was desig-
nated as three specific areas (fig. 1) in Bureau of Recla-
mation planning reports (Bureau of Reclamation,
1977a, b; 1988, 1989), and those designations will be
used in this report. The first area is the Montezuma
Valley, which is centered around Cortez and was irri-
gated by nonproject water supplied by the Montezuma
Valley Irrigation Company (MVIC); this area is
referred to as the MVIC area (fig. 1). The MVIC area
will receive supplemental irrigation water from the
Dolores Project. The second area is referred to as the
Dove Creek area and consists of the five irrigated areas
shown in figure 1 between Yellow Jacket Canyon and
Monument Creek. The third area is referred to as the
Towaoc area and consists of the irrigated areas shown
in figure 1 on the southwestern flanks of Sleeping Ute
Mountain on the Ute Mountain Ute Reservation. Part
of the Dove Creek area was irrigated during 1990, and
none of the Towaoc area was irrigated in 1990.
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History

The presence of many Indian ruins in southwest-
ern Colorado (such as in Mesa Verde National Park)
indicates that the Dolores Project area was inhabited
for many years prior to the arrival of miners and settlers
in the 1870’s and 1880’s. The Ute Indian Reservation
was first formally defined by a treaty in 1868. Between
1870 and 1895, the reservation size was decreased by
several enactments. In 1895, the Ute Indian Reserva-
tion was divided into the Ute Mountain Ute Reserva-
tion and Southern Ute Indian Reservation. Irrigation
began in the 1880’s in the Montezuma Valley. A tunnel
and canal system was built by private concerns to trans-
port water from the Dolores River into the area for irri-
gation; the tunnel was completed in 1889. There were
several owners of the irrigation company during the
next 30 years prior to the Montezuma Valley Irrigation
Company. There was adequate precipitation for dry-
land farming in nonirrigated areas of northern Monte-
zuma Valley and in the Dove Creek area. Stockmen
were using the Dove Creek area as early as 1878.
Much of the sagebrush cover was burned, and the Dove
Creek area was used exclusively for cattle until 1915,
when farming began in the area under the Homestead
Act. Dryland farming developed slowly in the area
until roads and transportation improved, and then
developed rapidly after 1938. Almost all tillable land
that was productive by dryland farming was utilized.
Agricultural development on the Ute Mountain Ute
Reservation has been limited to one small farm and to
cattle and sheep grazing.

Physiography and Climate

The Dolores Project area is located in the Colo-
rado Plateau physiographic province. The area is in a
transition zone between the foothills on the southwest
flank of the San Juan Mountains (fig. 2) and the mesa
and canyon country to the south and west. The Monte-
zuma Valley centered around Cortez is a broad, rela-
tively flat valley. Irrigated areas in the Montezuma
Valley are on gently rolling terrain dissected by numer-
ous, shallow streams and swales. South of Mc Elmo
Creek, the irrigated lands are on fan and flood-plain
deposits of ephemeral streams flowing off the Mesa
Verde escarpment. The upland areas consist of foot-
hills and low mountains. The drainage divide that sep-
arates the Dolores River basin from the Mc Elmo Creek
basin is quite low, and elevations range from about
7,200 to 7,800 ft. Much of the area to the west is desert
land featuring high mesas incised by deep canyons.
The Dove Creek area of the Dolores Project is on a

broad plateau that slopes gently south and is incised by
numerous deep canyons. The Towaoc area of the
Dolores Project is on the southern and southwestern
side of Sleeping Ute Mountain on gently sloping terrain
intersected by numerous gullies and deep arroyos.
Land to be irrigated in the Towaoc area northwestern of
Mariano Wash (fig. 1) is on long fans extending south-
west from Sleeping Ute Mountain; project lands south-
east of Mariano Wash are in alluvial valleys eroded into
shale. The Mancos River flows through a deep canyon
on the eastern and southern side of Mesa Verde
National Park, and then flows into a broad, open valley.
There are numerous small washes and gullies in this
area.

A major feature in the Dolores Project area is
Sleeping Ute Mountain located southwest of Cortez.
Elevation in the project area ranges from about 4,400 ft
at the San Juan River in Utah to almost 10,000 ft on
Sleeping Ute Mountain. The elevation of Cortez is
about 6,200 ft. Elevation of the Mc Elmo Creek basin
ranges from about 4,600 to 8,500 ft. Elevation of the
area south of Sleeping Ute Mountain in the Mancos
River Valley ranges from about 5,000 to 5,500 ft. To
the north of Cortez, elevation gradually increases to
almost 7,000 ft at Dove Creek.

The Dolores Project area has a continental, semi-
arid climate. Annual precipitation (1951-80) in the
Montezuma Valley area is about 11 to 14 in.; in the area
to the north toward Dove Creek about 12 to 16 in.; and
at lower elevations of western Mc Elmo Creek drainage
about 8 to 12 in. Annual precipitation at lower eleva-
tions of the Ute Mountain Ute Reservation is 8 to 10 in.
The mean annual precipitation was 12.72 in. at Cortez
and 18.07 in. at Dolores for 1951-80 (National Oceanic
and Atmospheric Administration, 1990). The wettest
months are August and October, the driest month is
June. Summer precipitation is characterized by thun-
derstorms that may have brief, heavy rains. The annual
precipitation for calendar year 1990 was slightly above
normal (compared to 1951-80) in the Dolores Project
area based on precipitation data for Cortez, Mesa Verde
National Park, Dolores, and Northdale (fig. 1)
(National Oceanic and Atmospheric Administration,
1990). The pan evaporation at the McPhee Reservoir
site (elevation 6,900 ft) was estimated by the Bureau of
Reclamation (1977a) to be 42 in. for the growing sea-
son (April through October).

The Dolores Project area usually has warm to hot
summers and cool winters. Lower elevation areas fre-
quently have daytime summer temperatures exceeding
90°F. Winters are characterized by mild days and cold
nights (12 to 15°F). The mean annual temperature for
1951-80 was 48.8°F at Cortez, 50.0°F at Mesa Verde

National Park, and 45.1°F at Northdale. Temperature
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extremes in the Cortez area are -25°F to about 100°F.
The frost free period in the Mc Elmo Creek area ranges
from about 133 to 141 days (Bureau of Reclamation,
1981), is slightly longer in the lower Mancos River Val-
ley, and is shorter in the Dove Creek area (about 110 to
120 days). The irrigation season usually begins in late
April and ends in October.

Geology

The geologic map of the Cortez 1:250,000 quad-
rangle is in Haynes and others (1972). Irwin (1966)
described the geology of the Ute Mountain Ute Reser-
vation. Large-scale geologic studies of the San Juan
Basin and Paradox Basin include all or parts of the
Dolores Project area, and other geologic studies have
been done, such as Whitfield and others (1983). Geol-
ogy of the Mc Elmo Salinity Control Unit is described
in reports by Bureau of Reclamation (1981, 1988).
Geldon (1985) described the geology in the Cotton-
wood Wash area (fig. 1) near Towaoc on the Ute Moun-
tain Ute Reservation.

The Mc Elmo Creek basin is in the Four Corners
structural platform of the Colorado Plateau province.
The area has been folded and faulted to some extent.
The exposed bedrock primarily is sedimentary rocks of
Jurassic through Cretaceous age and some igneous
rocks of Tertiary age. Most of the irrigated land in the
MVIC area is underlain by the Mancos Shale and
Dakota Sandstone of Cretaceous age. There are exten-
sive surficial deposits of eolian material between
Cortez and Dove Creek. Much of the irrigated area in
the northern Montezuma Valley and Dove Creek area is
on soils derived from eolian deposits. The eolian
deposits are red-brown loess consisting of unconsoli-
dated silt and sand. In many canyons, the Morrison
Formation and other sedimentary formations of Juras-
sic age crop out. For example, the Morrison Formation
crops out in the Mc Elmo Creek Canyon downstream
from Cortez, in Yellow Jacket Canyon downstream
from Dawson Draw, and along the San Juan River.
Sleeping Ute Mountain consists of igneous rocks of
Cretaceous and Tertiary age.

The Mancos Shale is a dark gray marine shale
that has thin beds of sandstone and limestone. In much
of the Dolores Project area, the Mancos Shale is over-
lain by surficial materials. The formation was named
in 1899 for the outcrops along the Mancos River Valley
near the town of Mancos (Irwin, 1966). The Bureau of
Reclamation has identified the Mancos Shale as a sig-
nificant contributor of salinity to the Colorado River
~ from other Bureau of Reclamation projects in western
Colorado, such as the Uncompahgre Project and the

Grand Valley Project. The Mancos Shale also was
identified as a significant source of selenium in irri-
gated areas in the middle Green River basin in Utah
(Stephens and others, 1988; 1992). The Dakota Sand-
stone is interbedded sandstone, shale, and coal and
forms the caprock seen along the top of many of the
canyons. The Morrison Formation is variegated shale,
sandstone, and mudstone deposits. Some members of
the Morrison Formation contain uranium and vana-
dium, which were mined.

There are other sedimentary rocks exposed along
Mesa Verde National Park and Sleeping Ute Mountain.
Alluvium of Quaternary age is present in larger stream
valleys, including Mc Elmo Creek and the Mancos
River. There are various alluvial deposits around
Sleeping Ute Mountain, including talus, colluvium,
and pediments.

Soils and Land Use

Soils

Soils were extensively studied by the Bureau of
Reclamation for the Dolores Project (Bureau of Recla-
mation, 1977b; 1988). Two major soil types are
described; the gray soils and the red soils. The gray
soils are alluvial in origin, and parent rocks were com-
prised of shale and sandstone from the Mancos Shale
and the Mesaverde Formation. Gray soils often are
underlain by shale. The Bureau of Reclamation (1988)
described two types of gray soils, flood-plain soils and
fan soils. Flood-plain soils were formed by alluvial
deposition, primarily along Mc Elmo Creek. Flood-
plain soils have a sandy loam to silty clay texture, and
dissolved-solids concentrations in soil extracts ranged
from 550 to 12,000 mg/L (Bureau of Reclamation,
1988). Fan soils are formed by slope wash and collu-
vial processes and have a loamy sand to silty clay tex-
ture. Dissolved-solids concentrations in soil extracts
from fan soils ranged from 525 to 8,600 mg/L.. The
Bureau of Reclamation (1977b) reported that the gray
soils have about 8 times more potential salt loading
than do the red soils. Gray soils have limited profile
development, have low permeability, and are erodible.
In some areas of the MVIC, there are problems with
irrigation on gray soils because of salinity and poor
drainage. Gray soils are present in the southern and
southeastern parts of Montezuma Valley (generally
south of Mc Elmo Creek), and in the eastern Towaoc
area (east of Cowboy Wash). Soils along the lower
Mancos River Valley on the Ute Mountain Ute Reser-
vation are similar to the gray soils because the Mancos
Shale is extensive in this area.
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The red soils are residual soils derived from
eolian deposits. Red soils are loam to clay loam in tex-
ture, have moderate depths over sandstone and shale,
and have moderate to high permeability. The north-
eastern part of the MVIC area has a mixture of red and
gray soils, but generally has loam to clay loam red soil
overlying silty clay gray soil. Dissolved-solids concen-
trations in soil extracts from the northeastern part of the
MVIC area ranged from 250 to 4,000 mg/L (Bureau of
Reclamation, 1988). Runoff and deep percolation from
red soils often enter areas where gray soils are present.
Red soils are predominant in the MVIC area north of
Mc Elmo Creek and west of Highway 666 (fig. 1). All
irrigated land in the Dove Creek area is on red soils.
Red soils also are present in the Towaoc area west of
Cowboy Wash.

Land Use

The primary economic activity in the Dolores
Project area is agriculture and its related services.
Agricultural uses are concentrated on livestock graz-
ing, feed crops, and rangeland. Primary crops are
alfalfa, hay, pasture, small grains, feed corn, and some
vegetables and fruit. Historically, dryland farming in
the Dove Creek area produced pinto beans, alfalfa, and
wheat. Prior to 1993, the primary land use on the Ute
Mountain Ute Reservation was for cattle and sheep
grazing. Along the Mancos River, the Ute Mountain
Ute Tribe irrigates about 200 to 300 acres for growing
cattle feed and pasture; however, the largest agricul-
tural development on the reservation will occur when
water is delivered to the Towaoc area by the Dolores
Project.

The Dolores Project area has a small population.
The following population statistics are from the 1990
census (Rand McNally and Company, 1993). Monte-
zuma County had a population of 18,672. The only
area that may be considered an urban area is Cortez
(population 7,284). The other towns are small farming
communities, such as Dove Creek (population 643) and
Dolores (population 866). Towaoc, headquarters of the
Ute Mountain Ute Tribe, had a population of 700.

Oil and gas drilling have historically been an
important economic factor and source of employment
in the Four Corners area. There is little drilling activity
and no uranium or coal activity in Montezuma County
(U.S. Bureau of Land Management, Durango, Colo-
rado, oral commun., 1989). Metal mining, primarily
for gold and silver, began in the upper Dolores River
basin in the 1870’s. Presently (1993), there are no
gold-mining activities in the basin. Mine drainage
could be a potential source of heavy metals in the irri-
gation water supply from the Dolores River. Recre-
ation and tourism have become an important part of the

economy in the region. The Dolores Project area is
adjacent to many attractions, and tourism has increased
steadily in the last few years. McPhee Reservoir
attracts people for recreation, such as fishing and boat-
ing.

Natural vegetation in the Dolores Project area is
dominated by pinyon pine and juniper, which are scat-
tered throughout the area, and sagebrush. In lower,
drier areas, salt shrubs such as greasewood are present.
Higher and wetter areas grade into oak brush and pine
forests. Vegetation is relatively sparse on lower areas
of the Ute Mountain Ute Reservation. The valley bot-
toms have pasture interspersed with brush and marshes.
Along streams, riparian vegetation is predominately
cottonwood and boxelder trees interspersed with dense
brush and shrubs.

Fish and Wildlife Resources

There are several fish and wildlife resource areas
within the Dolores Project area that could be affected
by irrigation. The State of Colorado manages several
State wildlife areas of nongame and game species of
fish and wildlife. State wildlife areas in the project area
are Narraguinnep Reservoir, Totten Reservoir, and the
Dolores River downstream from McPhee Reservoir.
Wildlife enhancement for the Dolores Project was
planned in Dawson Draw (fig. 1).

Narraguinnep and Totten Reservoirs contain a
variety of warm-water game fish and are used as water-
fowl nesting and resting areas. The Dolores River
downstream from McPhee Dam is an excellent cold-
water trout fishery, and the Dolores River Canyon has
mule deer, elk, and wild turkey. The canyon area also
provides a wintering area for waterfowl because of
warm water downstream from the dam during winter.
There are numerous small ponds and wetlands in the
MVIC and Dove Creek areas that are used by migra-
tory waterfowl. Fish and wildlife resource areas are
very limited at low elevations on the Ute Mountain Ute
Reservation. The Mancos River is not considered an
important fishery; however, the river is one of the few
streams in Colorado populated only by native fish spe-
cies. Wetland areas are limited in the Towaoc area, and
there is little utilization of this area by migratory water-
fowl.

Recently (1987), endangered fish species have
been documented in the San Juan River from near
Shiprock, New Mexico to Lake Powell (fig. 2). The
federally listed endangered Colorado squawfish
(Ptychocheilus lucius) was identified in 1987 and 1988
in the San Juan River (Meyer and Moretti, 1988; Rob-
erts and Moretti, 1989). Young-of-the-year fish were
seined from the river, indicating that Colorado squaw-
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fish reproduced in the San Juan River. Adult razorback
suckers, another federally listed endangered species,
were captured in the San Juan arm of Lake Powell.
Two endangered birds, the bald eagle and the
peregrine falcon, are present in the Dolores Project
area. Bald eagles winter in Colorado and typically
roost near open water where they feed on fish. Fish are
a potential source of contamination to bald eagles.
There is at least one pair of peregrine falcons nesting in
the Mesa Verde National Park area; these falcons prob-
ably feed on other birds in the Dolores Project area.
There are two federally listed endangered plants occur-
ring in or near irrigated areas, the Mancos milkvetch
(Astragalus humillimus) and the Mesa Verde cactus
(Sclerocatus mesae-verdae). In addition, three candi-
date plant species for listing as endangered species are
found in the project area.

In May 1991, fish consumption advisories were
posted by the Colorado Division of Wildlife, in cooper-
ation with the Colorado Department of Health, at
McPhee and Narraguinnep Reservoirs. The advisories
were posted because some warm-water game fish, such
as walleye, northern pike, and bass from the reservoirs
had elevated concentrations of mercury. The mercury
concentrations did not pose an acute hazard, but there

was concern about chronic, long-term exposure to
small amounts of mercury, especially for children and
pregnant women (Colorado Department of Health,

1992).
HYDROLOGIC SETTING

The hydrologic system of the Dolores Project

area is complex and includes two major tributaries of
the Colorado River (fig. 2), the Dolores River (source
of irrigation water) and the San Juan River (receives all
irrigation drainage and return flow). The San Juan
River upstream from the confluence of the Mancos
River to downstream from the confluence of Mc Elmo
Creek, the Mancos River, Mc Elmo Creek, and tributar-
ies are included in the hydrologic system. Also
included in the hydrologic system are the canyons
north of the Mc Elmo Creek basin that drain into Mon-
tezuma Creek, which discharges to the San Juan River
in Utah (fig. 1). A general schematic of the surface-
water system is shown in figure 3. The irrigation sys-
tems and ground water are other components of the
hydrologic system of the Dolores Project area.
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Figure 3. Major streams, tributaries, reservoirs, canals, and movement of water in the Dolores Project area.
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Surface Water

The San Juan River drains about 24,600 miZ and
heads in the San Juan Mountains about 100 mi east of
Cortez, flowing generally west to southwest to Lake
Powell in Utah (fig. 2). The U.S. Geological Survey
operates a streamflow-gaging station at Mexican Hat,
Utah (gaging station 09379500; site SJ3 in fig. 2), and
that station is the most downstream gaging station on
the river. The drainage area upstream from gaging sta-

tion 09379500 is about 23,000 mi2. The average
annual mean discharge for water years 1962-89 was

2,258 ft3/s. The flow regime of the San Juan River has
been altered since completion of Navajo Reservoir in
1962. Based on information from the U.S. Department
of the Interior (1989), the San Juan River accounted for
about 15 percent of the inflow into Lake Powell for
water years 1976-87. Except for rainfall-induced
peaks during the summer, stream discharge of the San
Juan River generally was less than normal (compared
to water years 1962-89) prior to and during the recon-
naissance investigation in 1990 (fig. 4). Water year
1990 was the third consecutive year of less-than normal
stream discharge in the San Juan River at gaging station
09379500 (fig. 5); the annual mean discharge for water
year 1990 was only 47 percent of the average annual
mean discharge for water years 1962-89. The U.S.
Geological Survey has operated a gaging station at
Four Corners (gaging station 09371010; site SJ1 in
fig. 1) since 1978. The drainage area upstream from

that gaging station is 14,600 mi2. The average

annual mean discharge for water years 1978-89 was
2,684 ft3/s, which is about 94 percent of the average
annual mean discharge (2,858 ft3/s) at gaging station
09379500 for the same period. That small difference of
annual stream discharges indicates that runoff per unit
drainage area in the San Juan River basin between the
two gaging stations is small.

The Dolores River originates in the San Juan
Mountains northeast of the Dolores Project area, flows
southwest, and then turns abruptly at the town of
Dolores to flow northwest to its confluence with the
Colorado River about 75 mi north of Dove Creek
(fig. 2). The U.S. Geological Survey has operated a
streamflow-gaging station at Dolores (drainage area

504 mi2), immediately upstream from McPhee Reser-

voir, since 1922. The average annual mean discharge
for the Dolores River at Dolores for water years

1922-89 was 445 ft/s.
Mc Elmo Creek drains 702 mi2 and heads on the

low drainage divide northeast of Cortez and flows gen-
erally west to the San Juan River at Aneth, Utah (fig. 2).

The U.S. Geological Survey operated two streamflow-
gaging stations on Mc Elmo Creek, gaging station
09371500 (at site ME2 in fig. 1) and gaging station
09372000 (at site ME3 in fig. 1). Gaging station
09372000 near the Colorado-Utah State line (drainage

area 346 mi2) has been operated since 1951. The
hydrograph for the period of record for gaging station
09372000 (fig. 6) does not indicate a distinct seasonal
pattern, which is atypical of streams in this area. Much
of the stream discharge in Mc Elmo Creek is return
flow and irrigation drainage from the MVIC area.
Stream discharge in Mc Elmo Creek was less than nor-
mal (water years 1952-89) from October 1989 to June
1990 and at or greater than normal from July to
November 1990 (fig. 6). The large discharge peaks in
the summer of 1990 were caused by thunderstorms
and rainstorms. The annual mean discharge at gaging
station 09372000 for water year 1990 was about

74 percent of the average annual mean discharge for
water years 1952-89.

The Mancos River drains about 795 mi? and
heads into the San Juan Mountains northeast of the
town of Mancos (fig. 1) at elevations above 10,000 ft.
The river flows southwest to south to its confluence
with the San Juan River south of the Colorado-

New Mexico State line. The confluence is a few miles
upstream from streamflow-gaging station 09371010 on
the San Juan River. Stream-discharge data have been
collected for the Mancos River at Highway 666 at gag-
ing station 09371000 (at site MN1 in fig. 1) (drainage

area 526 rniz). The headwater areas of the Mancos
River are considerably higher than the headwater areas
of Mc Elmo Creek, therefore, snowmelt runoff nor-
mally is substantially greater in the Mancos River
basin. Also, there is no transbasin import of water into
the Mancos River basin as there is in the Mc Elmo
Creek basin. The mean annual discharge for water year
1990 was only 20 percent of the average mean annual
discharge for water years 195289 at gaging station
09371000, primarily because spring runoff was much
less than normal in 1990.

A hydrologic study of Cottonwood Wash (drain-
age area 16 mi2), a tributary of Navajo Wash, was done
by Geldon (1985). Stream discharge of Cottonwood
Wash probably is typical of intermittent washes and
streams in the Dolores Project area that are not affected
by irrigation drainage. The average annual mean dis-
charge (water years 1980-82) was less than 0.2 ft*/s,
and there often was no flow in the wash during the sum-
mer.

HYDROLOGIC SETTING 1
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Figure 4. Daily mean stream discharge for October 1989 through November 1990, average daily mean

stream discharge for water years 1962-89, and dates when water-quality samples were collected at stream-

flow-gaging station 09379500, San Juan River at Mexican Hat, Utah (site SJ3).
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Figure 6. Daily mean stream discharge for October 1989 through November 1990, average daily mean
stream discharge for water years 1952-89, and dates when water-quality samples were collected at
streamflow-gaging station 09372000, Mc Eimo Creek near the Colorado-Utah State line (site ME3).

Irrigation Projects

Four irrigation projects will be described in this
section. Most of the discussion is about the Dolores
Project. Brief descriptions also are given for the Ute
Mountain Ute Irrigation Project, the Mancos Project,
and the Summit Irrigation District.

Dolores Project

The Dolores Project develops water from the
Dolores River for irrigation, municipal and industrial
use, power production, recreation, and fish and wildlife
enhancement. Other project purposes include flood
control, salinity control, and cultural resources mitiga-
tion. The MVIC furnishes water to about 37,500 acres,
and the Dolores Project supplies supplemental water to
the MVIC system for irrigation of 26,300 acres. There
are 11,200 acres of land served by MVIC that will not
receive project water because the soils were classified
as unsuitable for irrigation (Bureau of Reclamation,
1977a). The Dolores Project will irrigate 27,920 acres
in the Dove Creek area and 7,500 acres in the Towaoc
area (fig. 1). The Dove Creek and Towaoc areas will be
irrigated for the first time. Through August 1991,
about 18,000 acres in the Dove Creek area had been
brought into irrigation as sections of the Dove Creek
Canal and laterals were completed.

The Dolores Water Conservancy District
(DWCD) is responsible for general operation and
administration of all project facilities. The Bureau of
Reclamation and DWCD signed an agreement in 1985
for DWCD to operate and maintain the project with
Bureau of Reclamation supervision. The MVIC will
continue to administer its system, including the salin-
ity-control modifications to be built for the Dolores
Project. The Ute Mountain Ute Tribe will be responsi-
ble for operation and maintenance of the canals and lat-
erals to the Towaoc area.

The primary components of the Dolores Project
include McPhee Reservoir (capacity 381,000 acre-ft),
the Dolores Tunnel, Great Cut Dike, Dove Creek
Canal, Towaoc Canal, and six pumping plants. Other
components include laterals, power plants, drainage
facilities, and salinity-control features (canal lining and
pipe laterals). Major features are shown in relation to
the hydrologic system in the schematic in figure 3.
McPhee Reservoir was completed in 1984. The
Dolores Tunnel replaces the old tunnel from the
Dolores River operated by MVIC. Water from McPhee
Reservoir is transported through the Great Cut Dike
into the Dove Creek Canal and into the northern part of
the MVIC system. The Dove Creek Canal and laterals
in the Dove Creek area were completed by August
1991. Water deliveries from the Dove Creek Canal
began in the Cahone and Yellow Jacket areas in 1987,
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and delivery of the supplemental water to the MVIC
system began in 1988. Water deliveries to the Dove
Creek area and the acreage of newly irrigated land for
1987-90 are summarized in table 1. Since completion
of the Dove Creek Canal in 1991, irrigation in the Dove
Creek area has gradually increased as the distribution
system was completed and more farmers began using
Dolores Project water. As of September 1993, there
was about 7,000 acre-ft of project water yet to be uti-
lized in the Dove Creek area.

Table 1. Water delivery and irrigated acreage in the Dove
Creek area of the Dolores Project, 1987-90

Year Water delivered Irrigated acreage
(acre-foet) (acres)
1987 2,100 1,050
1988 8,800 4,400
1989 . 16,000 8,000
1990 26,600 13,300
Full allocation 54,300 27,920

The Towaoc Canal, completed in September
1993, will serve the newly irrigated land in the Towaoc
area on the Ute Mountain Ute Reservation and serves
part of the MVIC service area. Some laterals and cen-
ter pivots were in use in 1993 in the Towaoc area, and
about 1,000 acres were irrigated. Completion of later-
als on the Ute Mountain Ute Reservation is planned in
1994.

Narraguinnep and Totten Reservoirs (fig. 1) are
storage reservoirs from the old MVIC system. Narra-
guinnep Reservoir (capacity 19,000 acre-ft) is an off-
stream reservoir located about 10 mi north-northwest
of Cortez and was supplied by the old MVIC tunnel
and canal system. Totten Reservoir (capacity
3,000 acre-ft), located northeast of Cortez, will no
longer be used by the MVIC system for storage of
water for irrigation supplies once the Towaoc Canal
and Rocky Ford lateral are completed. Totten Reser-
voir will be kept as a fishery, and 800 acre-ft of water
from McPhee Reservoir are reserved for maintenance
of water storage in Totten Reservoir.

Once completed, the Dolores Project will pro-
vide an average of 90,900 acre-ft/yr of water from the
Dolores River basin (from McPhee Reservoir) for irri-
gation in the San Juan River basin and 8,700 acre-ft/yr
of water for municipal and industrial uses. The average
annual irrigation allocations for the project are
13,700 acre-ft of supplemental water for the MVIC
system, 54,300 acre-ft to the Dove Creek area, and
22,900 acre-ft to the Towaoc area (Bureau of Reclama-

tion, 1977a). The MVIC will continue to receive its
historical diversion of Dolores River water because
MVIC water rights are senior to all project water rights.
In an agreement with DWCD, MVIC will limit their
demand to enable the project to have an adequate water
supply; in exchange, the MVIC will receive the supple-
mental project water (13,700 acre-ft/yr) to alleviate
late-season shortages that were common pre-project
occurrences. The average annual diversion through the
old MVIC Tunnel from 1928-73 was about

105,000 acre-ft (Bureau of Reclamation, 1977a).

The MVIC will continue to use its gravity distri-
bution system, which is old, and many of the canals and
laterals are incised into shale. None of the MVIC dis-
tribution system was lined; however, part of the MVIC
system will be replaced or rehabilitated for the salinity-
control features of the Dolores Project. Sections of
three laterals and canals were abandoned when the
Towaoc Canal was built. Two ditches in the southern
MVIC area were abandoned, and that area is now
served by buried pipe laterals from the Towaoc Canal.
The remaining salinity control work for the Dolores
Project is lining 9.3 mi of laterals in the northern MVIC
area, and that work is expected to be completed by
1995.

The irrigation method used in most of the MVIC
area is flood irrigation. Irrigators often have applied
excess water early in the year during spring runoff to
store sufficient soil moisture for use by crops during the
late-season dry period when water supply often is
insufficient. With the supplemental water from the
Dolores Project, there will be more water available for
late season use.

The Dove Creek and Towaoc Canals are open,
earth-lined canals. Water is distributed from these
canals through pressurized pipe laterals to sprinkler
systems. Pressure is supplied by pumping plants in the
Dove Creek area and by gravity in the Towaoc area.

Irrigation drainage in the MVIC area primarily is
diffuse discharge into natural pathways, mostly ephem-
eral and intermittent streams, canyons, and arroyos.
There are drainage problems in part of the MVIC area
because of shallow depths to bedrock, low soil perme-
ability, topography, and lack of natural drainages.
Drainage facilities are limited in the MVIC system, and
drainage facilities will not be constructed in the MVIC
area for the Dolores Project. Surface return flow, natu-
ral runoff, and diffuse ground water (irrigation drain-
age) discharge into Mc Elmo Creek or its tributaries,
such as Hartman Draw, Alkali Canyon, Trail Canyon,
Yellow Jacket Canyon, and Dawson Draw (fig. 1). Irri-
gation drainage and return flow from the extreme
southern MVIC area discharges into Navajo Wash,
which is tributary to the Mancos River.
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As part of the Mc Elmo Unit Salinity Control
Program, the Bureau of Reclamation (1981) estimated
that return flow was about 35 percent of water applied
in the MVIC area. If MVIC diverted their full alloca-
tion of water and received 13,700 acre-ft/yr of
supplemental water, return flow would be about
50,500 acre-ft/yr. The salt load pickup from the
Mc Elmo Creek basin is estimated at 117,900 tons/yr
based on the latest project modifications (Bureau of
Reclamation, 1989). Saltloading to the San Juan River
from the Mc Elmo Creek basin is the result of distribu-
tion-system seepage and deep percolation of applied
water that dissolves salts from soils and from the
weathered zone of the Mancos Shale.

In the Dove Creek area (newly irrigated areas
north of Yellow Jacket Canyon), drainage generally is
not expected to be a problem except in low areas
(Bureau of Reclamation, 1977b). Irrigation is or will
be on ridge lands of rolling plateaus dissected by
numerous swales and drainage pathways. Allirrigation
drainage is into Yellow Jacket, Hovenweep, Cross, and
Squaw Canyons and into Monument Creek, or their
tributaries (fig. 1). Natural drainage is expected to
remove all excess surface water. Ground water is
expected to accumulate in the low areas and swales, at
the end of long slopes, and in isolated hillside seep
areas where sandstone bedrock crops out at the surface.
The low areas do not have sufficient subsurface drain-
age to remove the water because depths to sandstone or
shale barriers often are shallow. The Bureau of Recla-
mation plans to install 24 mi of deep pipe drains in the
Dove Creek area to control the subsurface drainage and
to protect low areas. The natural drainages will be used
as collectors and outlets. The estimated volume of
return flow is about 10,920 acre-ft/yr from the Dove
Creek area (Bureau of Reclamation, 1977b).

Land to be irrigated in the Towaoc area is on rel-
atively smooth, long, continuous slopes separated by
major washes. Major washes are shown in figure 1 and
include Aztec, Cowboy, Mariano, Coyote, and Marble
Washes. Aztec Wash is tributary to the Mancos River;
the other washes are tributary to the San Juan River.
The washes are ephermal and have channels 10 to 50 ft
deep in their lower reaches. There are numerous
washes and gullies tributary to the main washes that
should provide adequate surface drainage.

The subsurface drainage in the Towaoc area var-
ies because of different soils and bedrock (Bureau of
Reclamation, 1977b). West of Mariano Wash, the areas
to be irrigated are on red soils underlain by Dakota
Sandstone. Pipe drains should provide adequate sub-
surface drainage west of Mariano Wash. The outlet and
collectors would be the natural drainages, which in this
area are eroded to the sandstone bedrock. Areas to be

irrigated in Aztec Wash and Cowboy Wash are on gray
soil underlain by Mancos Shale bedrock. The bottom
of the natural drains are fine-textured gray soils, and the
drains tend to constrict toward their lower ends. In
addition to the pipe drains, the Towaoc area also will
have a piped outlet system. The Bureau of Reclama-
tion estimates that 49 mi of deep pipe drains will be
built in the Towaoc area.

The estimated volume of return flow would be
about 4,930 acre-ft/yr from the Towaoc area (Bureau of
Reclamation, 1977b). An estimated 30,000 tons/yr of
salt would enter into the San Juan River for the first
6 years of irrigation in the Towaoc area, and the salt
load would average 12,600 tons/yr for 100 years. The
dissolved-solids concentration is predicted to increase
from 127 mg/L in applied water to 2,470 mg/L in return
flows from the Towaoc area (Bureau of Reclamation,
1977b). Rapid leaching is expected in the red-soil
areas west of Mariano Wash, and good quality return
flows are expected after initial leaching.

Ute Mountain Ute Irrigation Project

The Ute Mountain Ute Irrigation Project consists
of a single farm that irrigates land along the Mancos
River immediately west of Highway 666. The project
was planned to irrigate 563 acres, but has never irri-
gated more than 290 acres, and 205 acres were irrigated
in 1988. Water for the Ute Mountain Ute Irrigation
Project is diverted from the Mancos River about 2 mi
upstream from Highway 666 into a unlined ditch that
runs north of the river. Water is applied by flood irriga-
tion to fields of alfalfa, sudan grass, oats, and pasture.
Drainage is through the natural pathways to the
Mancos River. Surface runoff has not been measured
or estimated; however, there may be little, if any, runoff
from irrigated areas during a significant part of the irri-
gation season because of the limited water supply to
this project. There are periods during the summer
when there is no flow in the Mancos River upstream
from the diversion.

Further development and expansion of this irri-
gation project is greatly restricted by several con-
straints and is not likely to occur. Constraints include
limited water supply, topography, nonarable soils, and
archaeological mitigation.

Mancos Project

The Mancos Project irrigates land in the Mancos
River basin upstream from the Dolores Project area.
Facilities built by the Bureau of Reclamation for the
Mancos Project were for supplemental irrigation sup-
ply and for domestic water for the town of Mancos, the
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rural Mancos area, and for Mesa Verde National Park.
The general extent of the irrigated area of the Mancos
Project is in the vicinity of the town of Mancos (fig. 1).
The irrigated area is about 13,746 acres; 11,683 acres
were actually irrigated in 1981. Primary crops are
alfalfa, hay, pasture, wheat, oats, barley, and feed corn.
Storage is in Jackson Gulch Reservoir (capacity
9,980 acre-ft), located about 4 mi north of the town of
Mancos (fig. 1). The reservoir was built in 1950 by the
Bureau of Reclamation. Parts of the distribution sys-
tem were built before 1900.

The irrigated areas are in the Mancos River Val-
ley to the east side of Mesa Verde National Park and in
Weber Canyon (fig. 1). Some of the irrigated land is on
alluvial areas, but the entire area in underlain by
Mancos Shale. Drainage from the area is through the
natural drainages and subsurface flow to the Mancos
River. The effects of irrigation drainage from the
Mancos Project on water quality of the Mancos River
have not been studied.

Summit Irrigation District

The Summit Irrigation District is a private com-
pany that provides water for about 4,600 acres in the
upper Mc Elmo Creek basin, upstream from the MVIC
service area. The irrigated areas are located near and
west of Summit and Puett Reservoirs (fig. 1). The dis-
trict diverts water from the Dolores River basin from
Lost Canyon Creek into Summit Reservoir.

The Summit Irrigation District has similar phys-
iography, climate, geology, and soils as the Montezuma
Valley. The irrigated area is at a slightly greater eleva-
tion (about 7,000 ft) than the Montezuma Valley; there-
fore, the area probably has a shorter growing season
and receives more precipitation than Cortez. Crops are
alfalfa, small grains, and pasture. The irrigated land is
mostly on soils derived from the Dakota Sandstone and
to a lesser extent, the Mancos Shale. Effects on water
quality in the Mc Elmo Creek basin by irrigation drain-
age from the Summit District land are not known.

Ground Water

Ground water is present in several unconsoli-
dated alluvial deposits (colluvium, pediments, stream
alluvium) and in confined bedrock units. The aquifers
in alluvial deposits have the best potential yields. In
the Towaoc area (Geldon, 1985), yields as great as 50
to 100 gal/min were reported in talus and pediment
deposits, but yields had large seasonal variation. The
quantity of water stored in alluvial deposits also was
quite variable. Geldon (1985) reported that bedrock in

the area consisted of fine-grained material such as clay-
stone, shales, sandstones, and mudstones, and although
bedrock aquifers might contain considerable quantities
of water, yields in these aquifers are insufficient for
development.

Irwin (1966) described ground water on the Ute
Mountain Ute Reservation and stated that the Mancos
Shale is not a good aquifer because of low permeability
and storage. Because the shale is thick and extensive,
development of water supplies from ground water
would be difficult. Yields from sandstone aquifers in
the Dakota Sandstone were quite small on the Ute
Mountain Ute Reservation, and limestone beds were
too thin in the area to be major aquifers (Irwin, 1966).
At the regional scale, water in shallow aquifers flows
toward the canyons and tributaries of the San Juan
River. Water in deeper bedrock aquifers flows toward
the San Juan River (Whitfield and others, 1983).

The Bureau of Reclamation drilled about
70 wells from 1977-80 for ground-water investiga-
tions in the Mc Elmo Creek basin (Bureau of Reclama-
tion, 1988). Ground water was present in surficial
materials consisting of colluvium, gravels, and weath-
ered shale and in the Dakota Sandstone. Ground-water
flow generally was toward Mc Elmo Creek, and ground
water in all areas seemed to be recharged by deep per-
colation from irrigation (Bureau of Reclamation,
1988).

Ground-water use in the Dolores Project area for
domestic supplies is not significant. Spring water from
the Cottonwood Wash basin was used to augment sup-
plies for Towaoc. Towaoc now receives municipal
water from the Cortez water-treatment plant. There are
scattered water wells in rural areas that may be used for
domestic and livestock water supplies, but the number
of wells is not large nor is the water use significant
when compared to the surface-water supplies.

PREVIOUS INVESTIGATIONS

The Bureau of Reclamation has done extensive
hydrologic, water-supply, irrigation-drainage, geo-
logic, and soils investigations for planning reports and
for environmental impact statements for the Dolores
Project (Bureau of Reclamation, 1977a,b, 1988, 1989).
The Bureau of Reclamation also has investigated water
quality of the Mc Elmo Creek basin for the Mc Elmo
Creek Unit of the Colorado River Water Quality
Improvement Program (Bureau of Reclamation, 1981).
The Mc Elmo Creek Unit, a salinity control project, is
now a feature of the Dolores Project (Bureau of Recla-
mation, 1988, 1989). Many geologic and mineral-
related (uranium, coal, oil, and natural gas) studies
have been done in the Four Corners area (such as
Fassett and Hinds, 1971; Ridgley and others, 1978).
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Studies related to uranium generally were outside of
the Dolores Project because the major economic depos-
its are outside the area. The U.S. Geological Survey
and other investigators have done numerous geologic
and ground-water investigations in the San Juan basin
(Stone and others, 1983; Weir and others, 1983; Whit-
field and others, 1983). Many of the studies of the
San Juan basin were in New Mexico or in coal areas in
Colorado, east of the Dolores Project area.

Other than the studies done by the Bureau of
Reclamation, investigations specific to the Dolores
Project area are limited. Geldon (1985) discussed
water supply for Towaoc and the geohydrology of the
Cottonwood Wash basin, a tributary to Navajo Wash.
Water supply and geology of the Ute Mountain Ute
Reservation was investigated by Irwin (1966). An
inventory of soil and rangeland on the Reservation was
reported by the Bureau of Indian Affairs (1965). The
Colorado Department of Game, Fish, and Parks
(former name of the Colorado Division of Wildlife)
surveyed the upper Dolores River basin from 1960 to
1968 to address contamination problems caused by
tailings ponds and a sulfuric acid plant (State of Colo-
rado, 1968). The Bureau of Reclamation has done
recent investigations in the Dolores River basin con-
cerning sources of mercury. Recently (since about
1987), there have been several biological investiga-
tions in the Dolores Project area by the Colorado Divi-
sion of Wildlife, Bureau of Reclamation, the U.S. Fish
and Wildlife Service, and the National Park Service.

Water-Quality Data

Surface Water

Water-quality data collected in the Mc Elmo
Creek basin by the Bureau of Reclamation were for
studies of salt loading, and trace-element data were not
collected. The U.S. Geological Survey collected trace-
element data between 1977-81 at streamflow-gaging
station 09372000, Mc Elmo Creek near the Colorado-
Utah State line (site ME3 in fig. 1), and those data are
summarized in table 2. A computer retrieval from the
U.S. Environmental Protection Agency’s Storage and
Retrieval system (STORET) located 60 selenium anal-
yses of water samples collected from Mc Elmo Creek
west of Cortez. These selenium data were collected by
the Colorado Department of Health; the median con-
centration was 5 ug/L and the maximum concentration
was 20 pug/L. Trace-element data for tributaries of Mc
Elmo Creek are very limited. The U.S. Bureau of Land
Management collected three samples from Yellow
Jacket Canyon in 1983 and 1984 (Dennis Murphy,

U.S. Bureau of Land Management, written commun.,

1989). Selenium concentrations in those three samples
were 4, 2, and 10 pug/L, and concentrations of arsenic,
cadmium, mercury, silver, and zinc were about equal to
or less than analytical reporting limits.

Table 2. Median and maximum concentrations of trace
elements in water samples collected at streamflow-gaging
station 09372000, Mc Elmo Creek near the Colorado-Utah
State line (site ME3)

[Analyses by U.S. Geological Survey; dissolved constituents
unless noted; concentrations in micrograms per liter; <, less than]

Trace element N;'::;:: f Medlan Maximum
Arsenic 15 1 3
Arsenic, total 8 2 10
Barium 15 30 200
Boron 46 200 310
Cadmium 15 <2 6
Cadmium, total 8 < 1
Chromium 15 <20 20
Copper 15 <20 20
Iron 45 30 370
Lead 15 <10 5
Manganese 15 110 280
Mercury, total 8 <1 3
Molybdenum 15 2 14
Nickel 15 3 15
Selenium 15 7 15
Selenium, total 8 4 33
Vanadium 15 <6 14
Zinc 15 14 50
Zing, total 8 30 760

The U.S. Geological Survey collected a single
water sample from near the bottom (48-ft depth) of
Narraguinnep Reservoir in July 1990. Concentrations
of trace elements, including selenium, were not large,
and many concentrations were less than analytical
reporting limits.

Trace-element data were collected in the Mancos
River basin. Except for the data collected by Geldon
(1985) in the Navajo Wash basin, almost all of the data
were collected upstream from the Dolores Project area
(upstream from site MN1 in fig. 1). The U.S. Geolog-
ical Survey collected water-quality data at the stream-
flow-gaging station at site MN1, but almost all the
trace-element data were for iron and manganese. One
sample had analyses for selenium; the concentration of
total selenium was 7 pg/L, and dissolved selenium was
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3 ug/L. Trace-element data were collected by the
Colorado Department of Health from the Mancos River
near Mancos; concentrations of arsenic (37 samples)
ranged from O to 10 pug/L, and selenium concentrations
(24 samples) ranged from O to 5 pg/L. Mercury was
not detected in the nine samples that were analyzed for
mercury. The maximum selenium concentration for a
surface-water site reported by Geldon (1985) was

8 ug/L at Navajo Wash near the mouth.

The U.S. Geological Survey collected trace-
element data for the San Juan River at streamflow-
gaging stations 09371010 (site SJ1 in fig. 1) and
09379500 (site SJ3 in fig. 2). These data are summa-
rized in table 3. Most of the data for gaging station
09371010 were collected during 197781, and for gag-
ing station 09379500 during 1975-89. A retrieval from
STORET for the San Juan River from Four Corners
to Lake Powell located limited trace-element data
collected by other agencies. There were 42 selenium
analyses for the San Juan River near Four Corners

collected by the Colorado Department of Health; the
median concentration was 0 pg/L, and the maximum
concentration was 14 pg/L.. The Utah Department of
Health has collected water-quality data for the San Juan
River near the confluence with Montezuma Creek,
Utah (fig. 2). Median concentrations of arsenic, cad-
mium, lead, selenium, and zinc were 0 pg/L (number of
samples ranged from 31 to 42). The maximum concen-
tration of selenium was 16 pg/L for the samples col-
lected from the San Juan River at Montezuma Creek,
and seven concentrations exceeded 5 ug/L.

Trace-element data were collected by the Bureau
of Reclamation in the Dolores River basin during
1969-75 and from the Dolores River at Dolores since
1979. Arsenic, cadmium, and lead concentrations gen-
erally were equal to or less than analytical reporting
limits, and most samples had less than 2 pg/L of sele-
nium. Mercury has been detected consistently in the
water samples collected at Dolores, and several sam-
ples had total-mercury concentrations of 1 to 2 pug/L.

Table 3. Median and maximum concentrations of trace elements in water samples collected at streamflow-gaging stations
09371010, San Juan River at Four Comers (site SJ1), and 09379500, San Juan River at Mexican Hat, Utah (site SJ3)

[Analyses by U.S. Geological Survey; dissolved constituents unless noted; concentrations in micrograms per liter; <, less than]

Gaging station 09371010 Gaging station 09379500

Trace eloment N::'::::;:' Median Maximum N:::;::' Median Maximum
Arsenic 15 1 3 64 1 5
Arsenic, total 10 2 40 32 3 180
Barium 15 80 200 43 94 500
Boron 46 90 290 144 80 520
Cadmium 15 <2 4 64 <1 4
Cadmium, total 10 <2 9 33 <20 20
Chromium 15 <10 10 64 <1 10
Copper 15 3 18 64 3 11
Iron 46 20 120 59 15 410
Lead 15 <10 27 63 1 63
Manganese 25 3 30 61 <10 190
Mercury 13 <l 2 64 <1 24
Mercury, total 10 <1 8 31 1 22
Molybdenum 13 <10 4 30 <10 10
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